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(54) PHOTOMULTIPLIER TUBE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a photomultiplier tube with an 
excellent vibration resistance property capable of enhancing a pulse 
linearity characteristic and a time response property. 
SOLUTION: Dynodes having approximately the same shape as that of 
a dynode Dy2 at a second stage are used for dynodes Dy4, Dy6-Dy9 at 
the fourth stage and sixth to ninth stages. Smaller dynodes than the 
dynode Dy2 at the second stage are used for dynodes Dy3, Dy5 at the 
third stage and the fifth stage. Dynodes Dy1-Dy10 at the ten stages are 
arranged such that a dynode internal space route formed between the 
dynodes opposed to each other crosses a tube axis X. A mesh-like 
anode A is used as an anode A and is arranged at an opposite side of 
the dynode Dy2 at the second stage. 
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* notices * 



JPO and NCIPI are not responsible for any 
dama ges caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The tubular vacuum housing prolonged along with a tube axis, and the photoelectric surface which is located in the direction 
end face of a tube axis of this tubular vacuum housing, carries out photo electric translation of the light which carried out incidence, 
and emits an electron, In the photomultiplier tube which consists of n steps for having a secondary emission surface in a wall and 
carrying out multiplication of this electron one by one of dynodes, and an anode for receiving the electron by which multiplication was 
carried out by the dynode of these n stages When carrying out opposite arrangement of the dynode of the first rank in this photoelectric 
surface and making i into the integer below two (n-1) or more, This secondary emission surface of the dynode of the i-th step carries 
out opposite arrangement in ** (i-1) **** and this secondary emission surface of the dynode of eye a ** (i+1) stage, the dynode of eye 
a ** (n-2) stage and eye a ** (n-1) stage - this, while using the dynode of the 2nd step, and the dynode of an abbreviation same 
configuration A dynode smaller than the dynode of the 2nd step is used, the dynode of the 3rd step and the 5th step - this - The 
dynode of these n stages is arranged so that the dynode building envelope path formed between the dynodes which counter mutually 
may cross this tube axis, as this anode - a mesh-like anode - using it - this mesh-like anode - this tube axis - receiving - this - the 
photomultiplier tube characterized by arranging in an opposite hand with the dynode of the 2nd step. 

[Claim 2] The secondary emission surface of this 2nd step dynode is the photomultiplier tube according to claim 1 characterized by 
consisting of a flat surface which stands in a row flat-tapped with the curved surface and this curved surface which make the shape of 
cross-section radii. 

[Claim 3] the dynode of eye a ** (n-3) stage - this - the photomultiplier tube according to claim 1 or 2 characterized by being the 
dynode and abbreviation same configuration of the 2nd step. 

[Claim 4] the dynode of eye a ** (n-4) stage - this - the photomultiplier tube according to claim 1 to 3 characterized by being the 
dynode and abbreviation same configuration of the 2nd step. 

[Claim 5] this - the 3rd step - and - this - the photomultiplier tube according to claim 1 to 4 characterized by forming the secondary 
emission surface of the dynode of the 5th step only from the curved surface which makes the shape of cross-section radii. 
[Claim 6] this - the 3rd step - and - this - the dynode of the 5th step - this - the dynode of the 2nd step, and abbreviation - an 
analog - the photomultiplier tube according to claim 1 to 4 characterized by being a **. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About a photo-multiplier, especially this invention is excellent in vibration resistance, and relates to the photo- 
multiplier which raised a pulse linearity property and time response nature. 
[0002] 

Pescription of the Prior Art] The photomultiplier tube which has the electron multiplier of a circular gage mold is indicated by JP,2- 
291 655,A. In the electron multiplier of a circular gage mold, nothing, the 2nd step dynode, and an anode are located in the opposite 
side to a tube axis in the shape of radii around the shaft with which the dynode building envelope path formed between the dynodes 
which counter mutually intersects perpendicularly to a tube axis. For this reason, the photomultiplier tube is shortened in the direction 
of a tube axis, and the whole configuration is miniaturized. 

[0003] In this photomultiplier tube, in order to form a dynode building envelope path in the shape of radii, the concave surface-like 
dynode has been arranged on the outside of radii and the dynode which is an approximate plane-like and has small surface area inside 
radii as compared with an outside dynode is arranged. The anode electrode is arranged in the form enclosed by the dynode of nothing 
and the last stage in the pole configuration. Since the anode electrode is making the shape of the pole, it excels in vibration resistance. 
[0004] However, with this structure, since it is small as compared with the surface area of the dynode by which the surface area of the 
dynode arranged inside has been arranged outside, electron density [ / near / which has been arranged inside / the dynode ] will 
become high. Since multiplication of the electron is carried out as an anode is approached especially, and the surface area of the 
dynode before [ one ] the last stage is small, the electron density in the near will become very high. For this reason, the problem of 
becoming easy to generate the space charge effect is produced. And since the anode electrode is a pole configuration, field strength is 
weak. With the electronic multiplication structure of the circular gage mold which has a publication in JP,2-291655,A, a pulse linearity 
property is bad because of the weakness of these space charge effects and field strength. That is, an output signal does not increase to a 
linear with increase of the optical reinforcement to input, but the phenomenon in which output-signal level falls rather is brought 
about. 

[0005] There are some which were indicated by JP,7-245078,A as the photomultiplier tube which raised pulse linearity. The 
photomultiplier tube which shortened tube-axial lay length like the photomultiplier tube given [ above-mentioned ] in JP,2-291655,A 
in this official report by arranging the dynode and anode of the 2nd step to the opposite side to a tube axis is indicated. This photo- 
multiplier constitutes the electron multiplier which consists of two or more steps of dynodes from the pre-stage which consists of two 
or more boxes and grid mold dynodes, and the post-stage which consists of two or more Rhine focus mold dynodes. The dynode 
building envelope path formed between the dynodes which counter mutually by preparing two or more steps of box mold dynodes in a 
pre-stage was incurvated, and at the post-stage, it arranges so that the building envelope path of two or more Rhine focus mold 
dynodes may become straight line-like. The anode electrode was made into the mesh configuration formed on the flat surface, and is 
arranged between the last stage dynode and the dynode before [ one step ] the last stage dynode. 

[0006] Since the Rhine focus mold dynode with equal magnitude is mutually used for the post-stage to which electron density 
becomes high according to this configuration, high-electron-density-ization can be prevented and the space charge effect can be 
controlled. 

[0007] Moreover, in the photomultiplier tube given in JP,7-245078,A, an anode electrode can be written as a mesh configuration and 
field strength can be enlarged. Therefore, unlike circular gage mold electronic multiplication structure given in JP,2-291655,A, a pulse 
linearity property can be raised. 
[0008] 

[Problem(s) to be Solved by the Invention] In the photo-multiplier of JP,7-245078,A, the box mold dynode is used for an electron 
multiplier. The box mold dynode was a complicated and large-sized configuration which consists of the box mold secondary-electron- 
emission section and a grid, was hard to attain a miniaturization and had a problem also in respect of vibration resistance. 
[0009] Moreover, since the box mold dynode was used, the electronic transit time became long and time response nature was not 
enough. 

[0010] Then, vibration resistance and the pulse linearity property of this invention are good, and it aims at offering the photomultiplier 

tube which moreover raised time response nature. 

[0011] 

[Means for Solving the Problem] The tubular vacuum housing to which this invention extends along with a tube axis in order to attain 
the above-mentioned purpose, The photoelectric surface which is located in the direction end face of a tube axis of this tubular vacuum 
housing, carries out photo electric conversion of the light which carried out incidence, and emits an electron, In the photomultiplier 
tube which consists of n steps for having a secondary emission surface in a wall and carrying out multiplication of this electron one by 
one of dynodes, and an anode for receiving the electron by which multiplication was carried out by the dynode of these n stages When 
carrying out opposite arrangement of the dynode of the first rank in this photoelectric surface and making i into the integer below two 
(n-1) or more, This secondary emission surface of the dynode of the i-th step carries out opposite arrangement in ** (i-1) **** and this 
secondary emission surface of the dynode of eye a ** (i+1) stage, the dynode of eye a ** (n-2) stage and eye a ** (n-1) stage -- this, 
while using the dynode of the 2nd step, and the dynode of an abbreviation same configuration A dynode smaller than the dynode of 
the 2nd step is used, the dynode of the 3rd step and the 5th step - this - The dynode of these n stages is arranged so that the dynode 
building envelope path formed between the dynodes which counter mutually may cross this tube axis, as this anode - a mesh-like 
anode - using it -- this mesh-like anode - this tube axis - receiving -- this - with the dynode of the 2nd step, the photomultiplier tube 
arranged in the opposite side is offered. 
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[0012] according to this photomultiplier tube - the dynode of the 3rd step and the 5th step - this - it is smaller than the dynode of the 
2nd step, for this reason, an anode — a tube axis - receiving - this - with the dynode of the 2nd step, it can prepare in the opposite 
side and the photomultiplier tube can be miniaturized in the direction of a tube axis. 

[0013] And since the dynode of eye a ** (n-1) stage and eye a ** (n-2) stage is the dynode and abbreviation same configuration of the 
2nd step, electron density does not increase it too much [ near the dynode of eye a ** (n-1) stage and eye a ** (n-2) stage ]. For this 
reason, effect of space charge can be made small and pulse linearity can be raised. Moreover, since the anode has become mesh-like, 
an anode can be brought close to the dynode of the last stage, field strength can be raised by parallel electric field, and the effect of the 
space charge effect can be suppressed. Thereby, pulse linearity can be raised further. And in response to an electron, it can incorporate 
in the comparatively large range. 

[0014] Moreover, as for the secondary emission surface of this 2nd step dynode, it is desirable to consist of a flat surface which stands 

in a row flat-tapped with the curved surface and this curved surface which make the shape of cross-section radii. 

[0015] According to this photo-multiplier, since the configuration of a dynode is simple and small as compared with the case where 

the dynode of a box and a grid mold is used, vibration resistance is good. Therefore, it can be used also in the environment where high 

vibration resistance, such as petroleum-resources inquiry, is required. Moreover, time response nature becomes good. 

[0016] Moreover, it is desirable that the dynode of eye a ** (n-3) stage is the dynode and abbreviation same configuration of eye this 

2nd stage. 

[0017] According to this photomultiplier tube, too much increment in the electron density in near the dynode of eye a ** (n-3) stage 
can be prevented, and pulse linearity can be raised further. 

[001 8] Moreover, it is desirable that the dynode of eye a ** (n-4) stage is the dynode and abbreviation same configuration of eye this 
2nd stage. 

[0019] According to this photomultiplier tube, too much increment in the electron density in near the dynode of eye a ** (n-4) stage 
can be prevented, and pulse linearity can be raised further. 

[0020] moreover - this - the 3rd step - and - this - as for the secondary emission surface of the dynode of the 5th step, it is desirable 
to be formed only from the curved surface which makes the shape of cross-section radii. 

[0021] According to this photomultiplier tube, secondary electron takes a proper orbit to the dynode of the next step by being easy to 
receive the electron from the dynode of the preceding paragraph, and moreover turning the emission direction of secondary electron in 
the direction of the dynode of the preceding paragraph for a while. 

[0022] moreover - this - the 3rd step - and - this - the dynode of the 5th step - this - the dynode of the 2nd step, and abbreviation - 
- an analog — you may be a **. 

[0023] according to this photomultiplier tube - the dynode of the 3rd step and the 5th step - this - the dynode of the 2nd step, and 
abbreviation - an analog - a ** - it is - this -- since it is the configuration which reduced the dynode of the 2nd step, the same 
effectiveness as the case where the secondary emission surface of the dynode of the 3rd step and the 5th step is formed only from the 
curved surface which makes the shape of cross-section radii can be acquired. 
[0024] 

[Embodiment of the Invention] The photomultiplier tube by the gestalt of operation of this invention is explained based on drawing 1 
thru/or drawing 6 . The photomultiplier tube 1 of the gestalt of this operation is equipped with the tubular vacuum housing 2 which has 
a tube axis X. Drawing 1 is the sectional view showing signs that the photomultiplier tube 1 was disconnected along with the tube axis 
X. The tubular vacuum housing 2 consists of a material like for example, covar glass. 

[0025] The direction both ends of tube-axial X of this tubular vacuum housing 2 are closed, and photoelectric-surface 2A by which the 
end section emits an electron for the shape of a field to nothing and its inside in response to light is formed. Photoelectric-surface 2A is 
formed by making an alkali-metal steam react to the antimony made to vapor-deposit beforehand to the end section inside side of the 
tubular vacuum housing 2. Moreover, two or more lead pin 2Bs for giving desired potential to each dynodes Dyl-DylO, Anode A, etc. 
are prepared in the other end of the tubular vacuum housing 2. In addition, two lead pin 2Bs are shown in drawing 1 for convenience. 
Photoelectric-surface 2A is connected to lead pin 2B which corresponds with the coupling parts which are not illustrated, and the 
electrical potential difference of -1000V is impressed. 

[0026] The focal electrode 3 of the shape of a cup which has a field perpendicular to a tube axis X is arranged in the location facing 
photoelectric-surface 2A of the tubular vacuum housing 2. It is on a field perpendicular to a tube axis X, central opening 3a centering 
on the location which intersects a tube axis X is formed in this focal electrode 3, and mesh electrode 3 A is attached in central opening 
3a. It connects with lead pin 2B which corresponds, respectively, and let the focal electrode 3 and mesh electrode 3 A be the same 
potentials as the dynode Dyl of the 1st step. 

[0027] With the side which faces photoelectric-surface 2A of the focal electrode 3, the dynodes Dyl-DylO for carrying out 
multiplication of the electron one by one are arranged in the opposite side. Dynodes Dyl-DylO have a secondary emission surface, 
respectively. 

[0028] The dynode Dyl of the 1st step is formed in the location facing central opening 3a of the focal electrode 3. The dynode Dyl of 
the 1 st step is arranged in the location which crosses a tube axis X. The dynodes Dyl-DylO of the 1st step thru/or the 10th step are 
arranged so that the secondary emission surfaces of the dynode of the stage which carries out sequential contiguity may counter. 
Dynodes Dyl-DylO are arranged so that the dynode building envelope path formed when the space between adjoining dynodes stands 
in a row may cross a tube axis X, and Anode A is formed in the dynode Dy2 and the opposite side of the 2nd step to a tube axis X. 
That is, as shown in drawing 1 , the dynode Dy2 of the 2nd step is located on the left of a tube axis X, and Anode A is located on the 
right of a tube axis X. The mesh-like anode A is arranged between the dynodes DylO which are the last stage and the dynodes Dy9 of 
the 9th step of one upper case of the 10th step. 

[0029] Dynodes Dyl-DylO and Anode A are connected to lead pin 2B which corresponds with wiring which is not illustrated, 
respectively, and predetermined potential is impressed, respectively. With the gestalt of this operation, the applied voltage to the 
dynodes Dyl-DylO of each stage is as follows. -800V and the dynode Dy2 of the 2nd step the dynode Dyl of the 1st step -720V, - 
640V and the dynode Dy4 of the 4th step the dynode Dy3 of the 3rd step -560V, -480V and the dynode Dy6 of the 6th step the dynode 
Dy5 of the 5th step -400V, -80V and Anode A are set [ the dynode Dy7 of the 7th step / -320V and the dynode Dy8 of the 8th step / - 
240V and the dynode Dy9 of the 9th step ] to 0 V for -160V and the dynode DylO of the 10th step. 

[0030] The dynodes Dy6-Dy9 of the dynode Dy2 of the 2nd step, the dynode Dy4 of the 4th step, the 6th step, or the 9th step are 
carrying out the same configuration. The detailed configuration of the dynode Dy2 of the 2nd step is shown in drawing 2 . The dynode 
Dy2 of the 2nd step has flat-surface section Dy2B which stands in a row flat-tapped with curved-surface section Dy2A and this 
curved-surface section which make the shape of cross-section radii, and a secondary emission surface is constituted by curved-surface 
section Dy2A and flat-surface section Dy2B. Moreover, in the longitudinal direction both ends of curved-surface section Dy2A, press 
formation of lateral portion Dy2C set up from curved-surface section Dy2A is carried out. 1st handle part Dy2D prolonged in the 
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method of outside from both-sides surface part Dy2C is formed. Moreover, 2nd handle part Dy2E similarly prolonged in the method 
of outside is formed in the longitudinal direction both ends of flat-surface section Dy2B. 1st handle part Dy2D and 2nd handle part 
Dy2E are located with a fixed include angle, without making an parallel side mutually. Moreover, it hammers out in each thickness 
direction and the processing section is formed in the center section of 1st handle part Dy2D and 2nd handle part Dy2E. 
[003 1] The dynode Dy3 of the 3rd step and the dynode Dy5 of the 5th step are carrying out the same configuration. The detailed 
configuration of the dynode Dy3 of the 3rd step is shown in drawing 3 . The dynode Dy3 of the 3rd step has curved-surface section 
Dy3A which makes the shape of cross-section radii. Curved-surface section Dy3A has an area smaller than the secondary emission 
surface (Dy2 A+Dy2B) of the dynode of nothing and other stages in a secondary emission surface. Thereby, the dynode Dy3 (and 
dynode Dy5 of the 5th step) of the 3rd step is formed smaller than the dynode of other stages. Moreover, in the longitudinal direction 
both ends of curved-surface section Dy3A, press formation of lateral portion Dy3B set up from curved-surface section Dy3A and the 
Dy3B is carried out. With the side following curved-surface section Dy3A of lateral portion Dy3B, 1st handle part Dy3C of the shape 
of a field perpendicularly prolonged in the method of outside from lateral portion Dy3B is formed in the opposite side side. It hammers 
out in the thickness direction and the processing section is formed in the center section of 1st handle part Dy3C. 
[0032] Lateral portion DylB set up from secondary emission surface Dyl A is formed in the longitudinal direction both ends of 
secondary emission surface Dyl A of the dynode Dyl of the 1st step, and 1st handle part DylC prolonged in the method of outside is 
formed in lateral portion DylB so that drawing 6 may show. It hammers out in the thickness direction and the processing section is 
formed in the center section of 1 st handle part DylC. 

[0033] The dynode Dyl 0 of the 10th step has plane secondary emission surface Dyl OA, two field Dyl 0B set up from the both ends, 
and Dy 10C, and the cross section serves as the shape of a typeface of KO so that drawing 5 may show. Three handle part DylOD and 
DylOE which are prolonged flat-tapped with the longitudinal direction of secondary emission surface Dyl OA, field Dyl 0B, and 
DylOC, and Dyl OF are formed in the longitudinal direction both ends of secondary emission surface Dyl OA, field Dyl 0B, and 
DylOc' respectively. Handle part DylOE and DylOF are mutually parallel, and handle part DylOD is perpendicularly formed to 
handle part DylOE and DylOF. It hammers out in each thickness direction and the processing section is formed in handle part DylOD, 
DylOE, and the center section of DylOF. 

[0034] As Anode A is shown in drawing 4 , it has the secondary electron receptacle section Al which makes the shape of a mesh 

formed on the flat surface, and the handle part A2 and A3 which make the secondary electron receptacle section Al and flush, and are 

prolonged are formed in the longitudinal direction both ends of the secondary electron receptacle section Al. 

[0035] As shown in drawing 6 , dynodes Dyl-DylO and Anode A are supported by substrates 4 and 5 in the longitudinal direction 

both ends. Slit-like fixed through tube Dylc, Dy2d, Dy2e, Dy3c, Dy4d, Dy4e, Dy5c, DylOd, DylOe, DylOf, and a2 and a3 are drilled 

by the substrate 5. Although illustration is not carried out, the fixed through tube of the shape of same slit also as a substrate 4 is 

formed. 

[0036] Dynodes Dyl-DylO and Anode A are held at a substrate 4, and drawing 5 carries out front view of signs that it is not yet held 
to a substrate 5. Drawing 6 shows the situation at the time of making each dynodes Dyl-DylO and Anode A hold to a substrate 5. In 
addition, when making handle part DylC of each dynodes Dyl-DylO and Anode A, Dy2D, Dy2E, Dy3C, Dy4D, Dy4E, Dy5C, 
DylOD, DylOE, and DylOF hold to a substrate 4, it is also the same as that of the following explanation. 

[0037] The dynode Dyl of the 1st step is held at a substrate 5 by inserting 1st handle part DylC in fixed through tube Dylc. The 
dynode Dy2 of the 2nd step is held at a substrate 5 by inserting 1st handle part Dy2D in fixed through tube Dy2d, and inserting 2nd 
handle part Dy2E in fixed through tube Dy2e. The dynode Dy3 of the 3rd step is held at a substrate 5 by inserting 1 st handle part 
Dy3C in fixed through tube Dy3c. The dynode Dy4 of the 4th step is held at a substrate 5 by inserting 1st handle part Dy4D in fixed 
through tube Dy4d, and inserting 2nd handle part Dy4E in fixed through tube Dy4e. The dynode Dy5 of the 5th step is held at a 
substrate 5 by inserting 1st handle part Dy5C in fixed through tube Dy5c. The dynodes Dy6-Dy9 of the 6th step thru/or the 9th step are 
held at a substrate 5 by being inserted in the fixed through tube to which the 1st handle part and 2nd handle part correspond, 
respectively like the dynodes Dy2 and Dy4 of the 2nd step and the 4th step. A dynode DylO is held at a substrate 5 by inserting handle 
part DylOD in fixed through tube DylOd, inserting handle part DylOE in fixed through tube DylOe, and inserting handle part DylOF 
in fixed through tube DylOf. Anode A is held at a substrate 5 by inserting a handle part A2 in the fixed through tube a2, and inserting 
handle part A3 in the fixed through tube a3. 

[0038] Since the printing processing section is formed in each handle part as mentioned above at this time, a handle part serves as a 
form pressed fit in a fixed through tube, and dynodes Dyl-DylO are fixed to a substrate 5 good. The same is said of the handle part of 
the dynodes Dyl -Dyl 0 of the 6th step thru/or the 9th step. 

[0039] At this time, they are 1 st handle part DylC and Dy2D. Dy3C, Dy4D Dy5C and handle part Dyl 0E, DylOF, A2, and A3 are 
formed for a long time than the thickness of a substrate 5, and serve as a terminal for connecting with a projection and lead pin 2B 
from a substrate 5. The same is said of the 1 st handle part of the dynodes Dy6-Dy9 of the 6th step thru/or the 9th step, these handle 
part DylC and Dy2D Dy3C and Dy4D twisting Dy5C, DylOE, DylOF, A2, and the part projected from the substrate 5 of A3 - 
dynode Dyl- Dy5, DylO, and Anode A may be more firmly fixed to a substrate 5. The same is said of the dynodes Dy6-Dy9 of the 6th 
step thru/or the 9th step. 

[0040] On the other hand, it is the 2nd handle part Dy2E. Dy4E and handle part DylOD are formed shorter than the thickness of a 
substrate 5, respectively, do not project on the outside of a substrate 5 and do not become the obstacle of wiring. The same is said of 
the 2nd handle part of the dynodes Dy6-Dy9 of the 6th step thru/or the 9th step. Moreover, since the handle part which projects from a 
substrate 5 can be reduced, contiguity arrangement of the handle parts of dynodes Dyl-DylO can be avoided, and a pressure-proof 
problem does not arise. 

[0041] Usually, in order for the secondary electron emitted from the secondary emission surface of the dynode Dyi of the i-th step to 
carry out incidence to the efficient part of the secondary emission surface of the dynode Dy (i+1) of eye a ** (i+1) stage, It arranges so 
that the dynode Dy (i+2) of eye a ** (i+2) stage may enter between the secondary emission surface of the dynode Dyi of the i-th step, 
and the secondary emission surface of the dynode yD (i+1) of eye a ** (i+1) stage. In the photomultiplier tube 1 of the gestalt of this 
operation, since the train in which dynodes Dyl-DylO curved is made and it is arranged so that a dynode building envelope path may 
cross a tube axis, the distance of the dynodes arranged on the outside of a curve becomes large. Thereby, the dynode Dy (i+2) of eye a 
** (i+2) stage have been arranged on the outside of a curve stops being able to enter easily between the secondary emission surface of 
the dynode Dyi of the i-th step, and the secondary emission surface of the dynode Dy (i+1) of eye a ** (i+1) stage. However, the 2nd 
step arranged in the gestalt of this operation on the outside of a curve, Curved-surface section Dy2A which makes the shape of cross- 
section radii for the secondary emission surface of the dynodes Dy2, Dy4, Dy6, and Dy8 of the 4th step, the 6th step, and the 8th step, 
Since it formed by flat-surface section Dy2B, Dy4B and Dy6B which stand in a row flat-tapped with Dy4A, Dy6A, Dy8A and curved- 
surface section Dy2A, Dy4A, Dy6A, and Dy8A, and Dy8B As shown in drawing 1 , it is arranged so that the dynode Dy (i+2) of eye a 
** (i+2) stage may enter between the secondary emission surface of the dynode Dyi of the i-th step, and the secondary emission 
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surface of the dynode Dy (i+1) of eye a ** stage. In this way, the potential of the dynode Dy (i+2) of eye a ** (i+2) stage sinks in 
between the dynode Dyi of the i-th step, and the dynode Dy (i+1) of eye a ** (i+1) stage. Thereby, the secondary electron emitted 
from the secondary emission surface of the dynode Dyi of the i-th step can draw near to the dynode Dy (i+2) of eye a ** (i+2) stage, 
and can carry out incidence to the efficient part of the secondary emission surface of the dynode Dy (i+1) of eye a ** (i+1) stage. 
[0042] Having formed the secondary emission surface of the dynodes Dy3 and Dy5 of the 3rd step and the 5th step only by the cross- 
section radii-like part here It is for secondary electron to take a proper orbit to the dynodes Dy4 and Dy6 of the next step by being easy 
to receive the electron from the dynodes Dy2 and Dy4 of the preceding paragraph, and moreover turning the emission direction of 
secondary electron in the direction of the dynodes Dy2 and Dy4 of the preceding paragraph for a while. If the secondary emission 
surface of the dynodes Dy3 and Dy5 of the 3rd step and the 5th step is a plane A permeate lump of the potential of the dynodes Dy3 
and Dy5 of the 3rd step and the 5th step of between the dynodes Dy2 and Dy4 of the preceding paragraph and the dynodes Dyi and 
Dy3 of a beforehand stage becomes large too much. The electron from the dynodes Dyi and Dy3 of the 1st step and the 3rd step will 
be pulled by the tooth back of the dynodes Dy3 and Dy5 of the 3rd step and the 5th step, and stops easily being able to carry out to the 
secondary emission surface of the dynodes Dy2 and Dy4 of the 2nd step and the 4th step for incidence. Moreover, when pulled by the 
potential of the dynodes Dy5 and Dy7 of the 5th step and the 7th step, the electron emitted from the secondary emission surface of the 
dynodes Dy2 and Dy4 of the 2nd step and the 4th step It will not go into the desirable location of the dynodes Dy3 and Dy5 of the 3rd 
step and the 5th step of the next step, or it will escape from a next step dynode, and incidence will be carried out to the tooth back of 
the dynodes Dy5 and Dy7 of the 5th step and the 7th step. 

[0043] The secondary emission surface of the dynodes Dy3 and Dy5 of the 3rd step and the 5th step Moreover, the 2nd step, Having 
formed so that area might become small rather than the secondary emission surface of the dynodes Dy2, Dy4, Dy6-Dy9 of the 4th 
step, the 6th step, or the 9th step It is for making it possible to arrange dynodes Dyl-Dy 10 in the curved train so that a dynode building 
envelope path may cross a tube axis by making small the dynodes Dy3 and Dy5 of the 3rd step and the 5th step arranged inside the 
curved array. On the other hand, the 2nd step arranged on the outside of the array which curved the secondary emission surface of the 
dynodes Dy7 and Dy9 of the 7th step arranged inside the curved array, and the 9th step, Having formed so that it might have the same 
area as the secondary emission surface of the dynodes Dy2, Dy4, Dy6, and Dy8 of the 4th step, the 6th step, and the 8th step [ near the 
secondary emission surface of the dynodes Dy7 and Dy9 comparatively located in the direction of the lower berth ], since an 
electronic space consistency becomes high, it is for easing this. 

[0044] As shown in drawing 1 , the gobo 6 parallel to photoelectric-surface 2 A is formed in the location enclosed by dynodes Dyl- 
Dy 10. The gobo 6 has prevented that the light produced in case it is located between the dynodes Dy7-Dyl0 near the last stage and the 
dynode Dyi of the 1st step and an electron collides with the dynodes Dy7-Dyl0 near the last stage, and ion go to photoelectric-surface 
2 A. Let a gobo 6 be predetermined potential by connecting with corresponding lead pin IB. 

[0045] Actuation of the photomultiplier tube 1 by the gestalt of operation of this invention is explained with reference to drawin g 1 . If 
light carries out incidence to photoelectric- surface 2A, a photoelectron will be emitted, and it will converge with the focal electrode 3, 
and will be sent to the dynode Dyi of the 1st step. Then, secondary electron is emitted from the dynode Dyi of the 1st step, this is sent 
to the dynodes Dy2-Dyl0 of the 2nd step thru/or the 10th step one by one, and cascade multiplication of the secondary electron is 
emitted and carried out one after another. Finally, it is collected by Anode A and taken out from Anode A as an output signal. 
[0046] The deformation and amelioration various in the range which it was not limited to the gestalt of operation mentioned above, but 
were indicated to the claim are possible for the photomultiplier tube by this invention. For example, although the secondary emission 
surface of the dynode of the 3rd step and the dynode of the 5th step is made into the shape of cross-section radii in the gestalt of 
above-mentioned operation It is good also as a configuration which made it the compound configuration of the flat-surface section 
which stands in a row flat-tapped with the cross-section radii-like curved-surface section and it like the dynode of the 2nd step, the 4th 
step, the 6th step, or the 9th step, and reduced these by the dynode and analog of the 2nd step, the 4th step, the 6th step, or the 9th step. 

[0047] 

[Effect of the Invention] according to the photomultiplier tube according to claim 1 - the secondary emission surface of the dynode of 
the 3rd step and the 5th step - this - area is smaller than the secondary emission surface of the dynode of the 2nd step, for this reason, 
an anode - a tube axis - receiving - this - with the dynode of the 2nd step, it can prepare in the opposite side and the photomultiplier 
tube can be miniaturized in the direction of a tube axis. 

[0048] And since the dynode of eye a ** (n-1) stage and eye a ** (n-2) stage is the dynode and abbreviation same configuration of the 
2nd step, electron density does not increase it too much [ near the dynode of eye a ** (n-1) stage and eye a ** (n-2) stage ]. For this 
reason, effect of space charge can be made small and pulse linearity can be raised. Moreover, since the anode has become mesh-like, 
an anode can be brought close to the dynode of the last stage, field strength can be raised by parallel electric field, and the effect of the 
space charge effect can be suppressed. Thereby, pulse linearity can be raised further. And in response to an electron, it can incorporate 
in the comparatively large range. 

[0049] Since the secondary emission surface of the 2nd step dynode consists of a flat surface which stands in a row flat-tapped with 
the curved surface and this curved surface which make the shape of cross-section radii according to the photomultiplier tube according 
to claim 2, and the configuration of a dynode is simple and small as compared with the case where the dynode of a box and a grid 
mold is used, vibration resistance is good. Therefore, it can be used also in the environment where high vibration resistance, such as 
petroleum-resources inquiry, is required. Moreover, time response nature becomes good. 

[0050] according to the photomultiplier tube according to claim 3 - the dynode of eye a ** (n-3) stage - this - since it is the dynode 
and abbreviation same configuration of the 2nd step, too much increment in the electron density in near the dynode of eye a ** (n-3) 
stage can be prevented, and pulse linearity can be raised further. 

[0051] according to the photomultiplier tube according to claim 4 - the dynode of eye a ** (n-4) stage - this - since it is the dynode 
and abbreviation same configuration of the 2nd step, too much increment in the electron density in near the dynode of eye a ** (n-4) 
stage can be prevented, and pulse linearity can be raised further. 

[0052] According to the photomultiplier tube according to claim 5, since the secondary emission surface of the dynode of the 3rd step 
and the 5th step makes the shape of cross-section radii, secondary electron takes a proper orbit to the dynode of the next step by being 
easy to receive the electron from the dynode of the preceding paragraph, and moreover turning the emission direction of secondary 
electron in the direction of the dynode of the preceding paragraph for a while. 

[0053] according to the photomultiplier tube according to claim 6 - the dynode of the 3rd step and the 5th step - this - the dynode of 
the 2nd step, and abbreviation - an analog - a ** — it is — this - since it is the configuration which reduced the dynode of the 2nd 
step, the same effectiveness as the photomultiplier tube according to claim 5 and abbreviation can be acquired. 
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* notices • 

JPO and NCIPI are not responsible for any 
dama ges caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 The sectional view showing the photomultiplier tube 1 by the gestalt of operation of this invention. 
Prawing 21 It is drawing showing the 2nd step of the photomultiplier tube 1 by the gestalt of operation of this invention, the 4th step, 
the 6th, or the dynodes Dy2, Dy4, Dy6-Dy9 of the 9th step, and, for (a), a front view and (b) are [ a side elevation and (d of a bottom 
view and (c)) ] perspective views. 

[Drawing 31 It is drawing showing the dynodes Dy3 and Dy5 of the 3rd step and the 5th step of the photomultiplier tube 1 by the 
gestalt of operation of this invention, and, for (a), a front view and (b) are [ a side elevation and (d of a bottom view and (c)) ] 
perspective views. 

Prawing 41 The front view showing the anode A of the photomultiplier tube 1 by the gestalt of operation of this invention. 
[Drawing 51 The front view showing signs that dynodes Dy 1-DylO and Anode A were made to hold to a substrate 4. 
prawing 61 The perspective view showing signs that dynodes Dyl-DylO and Anode A are inserted in a substrate 5. 
[Description of Notations] 

1 Photomultiplier Tube 
X Tube axis 

2 Tubular Vacuum Housing 
2 A Photoelectric surface 
Dyl-DylO Dynode 

A Anode 
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[Drawing 5] 




[Drawing II 
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[Drawing 31 
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PROBLEM TO BE SOLVED: To provide a 
photomultiplier tube with an excellent vibration 
resistance property capable of enhancing a pulse 
linearity characteristic and a time response 
property. SOLUTION: Dy nodes having 
approximately the same shape as that of a 
dynode Dy2 at a second stage are used for 
dynodes Dy4, Dy6-Dy9 at the fourth stage and 
sixth to ninth stages. Smaller dynodes than the 
dynode Dy2 at the second stage are used for 
dynodes Dy3, Dy5 at the third stage and the fifth 
stage. Dynodes Dy1-Dy10 at the ten stages are 
arranged such that a dynode internal space route 
formed between the dynodes opposed to each 
other crosses a tube axis X. A mesh-like anode A 
is used as an anode A and is arranged at an 
opposite side of the dynode Dy2 at the second 
stage. 
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HO^/-FDy 9 4©iigtUJ. ^r> a tt©7-'-- 

FA*5iHg$nri^. 

[0029] ^-fz-KDyl-DylO, 7 -'-FA 

ttam-e towmic «t o -eti-en^ie-r s >; - f t> 2 b 
Kgs&sft. -en-etiBifS©m{4^Enj!)nsn6. 

©^STCtt. &g©# A y-FDyl-DylO ~-©Efl 
ttJ^JE««T©ilO-C*i. SIlSS©^ FDy 
1B-8 0 0V, J^fgB©^./- FDy 2«-7 2 
OV, f 3g@©y-f/-FDy3B-6 4 0V, 04 50 
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&S©^-^-FDy4tt-5 6 0V. 05Ka©#-f 
y- FDy.5«-4 8 OV. 06g@©^^y-FDy 
6IJ-4 0 0V, S7ai©^^-FDy7a-3 2 
OV. 08aS©* r -^-FDy8W:-2 4OV. 09 
Sao^-T-/- FDy 9»- 1 6 OV. 01 OlSB©^ 
-{y-FDy 1 0S-80V. T J— FAttO VfCSft 
5. 

[0030]f2gg©f-f^-FDy2. 04SS© 
^^-FDy4. 06©@7!>M09l2:f3©#-( - / — F 
Dy 6~Dy9«Rl— ©J£tfc£UTl,>5. 02K02© 
l©^-/-FDy2©ifcfflfc^*7rrr. 02©S© 
^y-FDy2(J, KHPM«*arftB»Dy2A 
ifeftSgSKB-Ka^SWaJDy 2B4£WU ft 
ffig&D y 2 A 4¥ffi§BD y 2 B 4 (C J: <3 -&S?-®as« 
J&$*-i£. ftMSPDy 2 A©fi##lSjffi48aPK: 

«. OfflVDy 2A^6>3i^-r5«®gPDy 2C#:/U 
X^fiSStir^S. MffliJffiSiSDy 2C^6^(C^5 
01©^g!5Dy2D#JfcE£;*ft-Ct>-2>. Sfc. ^PffiSBD 
y2 B©S#*iaj|l«SR«:tt. l3D<^#«:£Itf*02 
O^SPDy 2E*s^3ti-r^5. 0 1 ©5SI3D y 2 D 
£02©IfgBDy 2 E«. S^KWffi^tfTC 4tt 

<. -^©agfc&^-ctia-rs. gfc. »i©5Ssd 

y2DSLUt02©^SPDy2E©**SiJK«. tti^tl 

[0 03 1 ] 03gg©#-Y>'- FDy3MS5ga 
©f -f^-FDy5»!U— ©^t*i*^rt,»5. S3K:0 
3gg©^/-FDy 3©l¥*i%^KS:7n-r. 03 K 
B©#V ^-FDy3«. gf®R3lt«€:&-rftffiS|5D y 
3A*WT5„ ftSSBDy 3AO^l?I*4 0, ffe 
g©#-f FO—X.Wm ( D y 2 A+ D y 2 B ) «fc 

otratavhs^. ctucto. »3sa©^-<^-F 

Dy3 (R[)^5gi©^/-FDy5) tt. ffelS© 
^-O- F«fc»3 fe/hatc^Sti*. £tc. ftffiSPDy 
3 A ®£^2rfflmHBiC », ftMSiSD y 3 A £ £13:* 
SfflUBSPDy 3 B. Dy3B*5^UXfa§titl,>5. 
ffiUffigPD y 3 B ©ftMSB D y 3 A ICffi < M 4 
fc. ffliMSPDy 3B*>6Sa:«:^«:Sc;^®^©01 
©^Dy 3C3&J^l3tStn:i,>5. 01©SSf5Dy3C 

[003 2] 06^P>to>{p5J:^K:. MlSB©^^ 
- F D y 1 (O—An+Wb y 1 A ©ftf^ftPfiggPR: 
tt. ZWIDy 1 A35>6SrgL//cffliJ®gi5Dy 1 Bifi 

^snrfco. MSPDy i Biawxicmvzm 1 

©5SPDy 1 C*i^$ti-Ct,>5. mi©5S!5DylC 

[0 03 3] ^5^e»t>*>-5. t fc^k:. 01 OfgS©#^ 
y- FDy 1 Oli^Mt^©-^T-MDy 1 0A4. ^ 
©Iffi*^4l?Uc2 0©ffiDy 1 0 B. DylOCSr 
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1 0 A. IDylOB, DylO C©S^*|S)IS^gP«: 

b. -en-en-^s^ffiD y 1 o a. idyiob, d 

y 1 0 C©^*FnJ(Cffi— ttmVZ 3 o©^gPD y 1 0 
D. DylOE. Dy 1 0 F&Bf&ZftmZ. 1FSJJD 
ylOEiDylOF HSl«WC. ^SUD ylOD 
B^SPDylOE, Dy 1 OFtCStLTIieK^Sn 
-C(r»-5. ^SPDy 1 0 D. DylOE, DylO F©<£ 

[0 0 3 4] S4tC7K3ttS«fc5iC. ¥ 

£WU -^S^WSPA lCDS#^l»lW«g|5CC, -iX 
«***»A 1 <t®-££ UrSIC/S^SBA 2 . A 3 ifi 

[0 03 5] SeK^SftSJ^K. jT-fy-FDyl 
~Dy 1 O&tfT^- FAB. -£©S*#|nJWiKSIMC*s 

@5eSiI?LD y 1 c . Dy2d. Dy2e, Dy3c, 
Dy4d. Dy4e, Dy5o, DylOd. DylO 
e. DylOf, a 2. a 3#&&StiXl.>?>. Mmit 

stress. 

[0 0 3 6] I5B^-f y-FDy l~~Dy 1 0S^7 

y-FDy l~Dy 1 05^7 FA*S«5 
S^SiS©^*^. ^-/^-KDyl~ 
Dy 1 QR&TS- FA©S3BDy 1 C. D y 2 D. D 
y2E> Dy3C, D y 4 D. D y 4 E . Dy5C, D 
ylOD> DylOE. DylO F m%si4 <iC{!£i$£ ■& 

[0 0 3 7] SiaSO^^-KDyltt, IS 1 ©Sf 
gfSDy 1 C#B5£*ii?lDy 1 c KjfASft-SC £&C J: 
D*«5KfiSfSn-So W2fg.B<D# -f FD y 2 
B. 01cD^gPDy2D*SH5eKii?LDy2d(c#A$ 
*i. S2<D^Dy2E*s@S*ji?LDy2 e«UfA3 

c 5 tcfiats ft s. j&aaa©*-^ 

- F D y 3 B. 91 ©^SPD y 3 C*5@S»ii?L D y 3 
c(C#AShSC&K:J:9»«5K:«# Sft*. 0418 
B«D^^-FDy4«, *1 ©JfSBD y 4 D*5@S« 
a?LDy4d«:}fA3n. 02©^SPDy 4 E*s@^ 
jlTL D y 4 e tcif A 3 ft?. C t K «fc t) 5 KGMf § ft 
-So SlSgg©^ ^-FDy 5B. IS 1 ©HSBDy 5 
C D y 5 c <c*P A 5 ft* C £ K «k 0 SS 5 
«Cff»3ti4. $g6®aT)gm9mg<D#'( s- FDy 
6~Dy9B. S2S@5CJ t S4Si©^ -f ^-KDy 
2. Dy4tI5«K:. 01©Sg|JRU t 02tD^:gP*5-^ft 
*ft*flW 3H^mji?L«:#A 3ft*C£«:«fct)»g5 
KffJSSftS. ^>-FDylOB, gSPDylOD 
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#S5ESiI?lD y 1 0 dJtJfASft. ^fSPDy 1 OE* 
H5c*M?LDy 1 0 e«:J¥A<*ft. SfSBD y 1 0 F#@ 
S»il?LDy 1 0 f KfljASftSCifCfcOSSSKGI 
ftSftS. 7S— FAB. ^SPA2*s@^«ii?La2K: 
»A$tl> ^giJA3*s@^mii?La3K:i¥ASn3C«b 

[0 03 8] c©££. S3SIJM:B_h^©J:5K:rT%ai 

nmniC&AZtiZBtKK). & 4 s—FDy 1 ~~D y 
10 10B. *«5tcMSfK:@^$nSo 06gg7b^9 
gS©#-f^- FDy l~Dy 1 0 (D^(Cr>^X <bffl 

mx&z. 

[003 9] C©£$. KUC^SBDy 1C. Dy2 
D. Dy 3C, Dy4D. D y 5 CRtKIFgBDy 1 
OE, Dy 1 OF; A2. A 3 B. *«5©/P <*<fct) 
S<#«3*VC*i!5. »£5*>63EfctJU >;-Ff>2 
Bfc&j&SftSfc^iaB'-iftS. Hf6&@7!>S3f9© 
@©W/-KDy6~Dy9 ©31 1 ©^gBKotr^r 
RJ«T**. CftP>©33PDy 1 C. Dy 2 D. Dy 
20 3C. D y 4 D. Dy5C. DylOE. DylO 
F. A2. A3©SS5*>e.??tBbfcgI5^*Oft-5C<t 
Kit). y-f^-KDy l~Dy5. DylO. T^- 
FA*«tt)SjiHK««5«:H3ebr6«fclr». J&6©S7I> 
SMQIga©^^^- FDy 6~Dy 9KOt»TfcE1$ 

[0 040 ] — 02©^S5Dy 2E. Dy4ER 
C^SPDylODB. -eft^ftg«5©iS3J:t> 
MSiltteD, S«5©WJK3Sffl-f5C<tB&< . 
EK«Wfl«HC&&fc^. 06©B7!)M09Sa©^^ 
30 - FDy 6— Dy 9©02©^g|5K:ot,ir*>|giair* 

€>©■?. ^-f/-FDy l~Dy 1 0 ©I*SBISl±©ifi3g 

[0 04 1 ] Siga©^/-KDy i ©~X 
^M^^SStfcbStifc-^-?^ ( i + 1 ) ^§©2" 

-r fd y ( i + 1 > (D—xm^mvnmo&^ft 

KA^-rSi^KfS/cJf). ^igJSC^-Y^-FDy 
i ©Z^KWfffiiJH (i + 1) S@©^^-FyD 

< i + 1 > ©-^-t-®©^k:. m ( i + 2 ) |gg©^ 

40 ^^-FDy ( i +2) #At)ii*fJ:5K:g3S-rS. * 
3»©»!H©^m-?*S<g« 1 K fct »-C tt. #4 s— Frt 
ffl^l8»iK3WW**«W* «t 5 fc F D y 1 ~ D 

2.. cntcit). SiSa©^^^- FDy i©-^m 

*mtm (i + i) aa©y^y-FDy (i + n © 

^S^IOHK. Sfl©^WKiEg^n^ ( i + 
2) ga©^^^- FDy ( i + 2) *SAf3ii*CC< < 
L,*>L/. *^JS©^tc*it,>-CB^ffl©^ffllK:i3 

so a3n^2sa. i&4g?B. ^6ge. isga©^ 
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-f/-FDy2. Dy4. Dy6, D y 8 ©H&1,-?-® 

^mrnrnm^fi-rem^Dy 2 a. d y 4 a„ Dye 

A. Dy 8AiflBS5Dy 2A. Dy 4 A. Dy6A, 
Dy 8AKI- (c3fc-2>¥ffiS5Dy 2 B. Dy4B, D 
yBB, DySBiKiDMUcO-C, m 1 KthT J: 
miSSO^-Y-'-FDy 

( i + 1 ) ss©#-r /-FDy ( i + 1 > (D—'Xm* 

®©ISI&C. m ( i + 2) ggCD^/-KDy ( i + 
2) #A9ii*f<fc5Kie^3*vct'>&. C^bt, Si 

/- FDy i tm ( i + 1 ) Mm<Dif 4s- 10 
FDy ( i + 1 > ( i + 2) glO^ F 

Dy ( i + 2 ) ©m{i#Sk#Sit?. cntciO. Si© 
@©y-< /-FDy i <D~'Xn*Wfr%&tii£titcr.X. 

( i + 2) SiO^^-FDy ( i + 2) tC 
f|tfir#?,n. * ( i + 1 ) ©@©#V/- FDy ( i 
+ 1 ) ©-#m^®©^©m>^«:A!W-r6J:5K 

[0 04 2] CCt?, S3©a;&tfSff5&@©^/- 

FDy3, D y 5 (D^X^f ®£ffif®RIE:R©S|5#©2> 
KJ:o-C^L/fc©«» BiTgcD^^/-FDy2 > Dy 20 
4#>6©m : f£§W-? 3_ f < . Lfrb—'X^OtSMttft 
<&Btfg©^'f/-FDy2> Dy 4©^TSjK^>L-(PjWr 
^CitCti), ^l ; f^g©^^-FDy4, 
D y 6 K.M LXMEMiM* t -5 <£ 5 CCiT £fc»-e*-5,, 
JfT3&g;RaS5©a©2V/-FDy3 t Dy5©~ 
^mT-ffi^ffit^-C^-Si. WS©^-r^- FDy 2, 
Dy4if^gO^-f/-FDyl, Dy3©B^OS 
3S@S.CJ t S5U@©y^ S— FDy 3> Dy5®Sfi 

©fk#&*#*£<£r«3-f g\ sissRtfssgs© 

y-f/-FDy K Dy3i>e.©lW $3g@M 30 
05ag©^-f y- FDy 3. Dy 5©lt®K:3l-3®e> 

nrufeo-c. m2m.muam4mm<D# jj- FDy 

2, Dy 4©r;xm-?-ffiK:AWL/K:< <&5„ gfc. 0 
2fg@;&.y : S4a@©# A S— F D y 2 . Dy4©~# 

^■-f^-FDy5. D y 7©H{4GC3|-3i3l?><VCO£ 5 

citcio, ^©©»3gas^m5ea©^>r/-F 

Dy3, Dy 5<Dft£ lA»tifiK:A6&tr»a\ 

-FDy 5, Dy7©Wffi«:A»*b-ru^5C<k«:>3: 40 

So 

[0 04 3] S38B&tflil5©S©^/-F 
Dy3. Dy5©-#H-^flS*ffl2©@, S4g@. S 
6aa7bS»9SS©^-f^- FDy 2, Dy4. Dy 
6 — D y 9 <0—XM&m& *) bWWfi'bZ < <t 5 J£ 
fiSL-fc©», jffflLfc^iJ©rtfflJK:Kg3n-5S3g;g 
R.tfSS&g©:^/- FDy 3. D y 5 £/h<* < -T-5 

cttccto. * 4 ; - <fc 

5K:#"-f y-FDy 1 ~Dy 1 0 £?*ffll,fc?fJK:KgT 
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©rtrotCEg3n-5»S7SBS^9Sa©f F 
Dy7, D y 9 ©"^W?-®*^* t> fcE8J©£Hl!liCE 

gsnsm2ea. f4ga. I6aa ssgg©^ 

^/-FDy2, Dy4. Dy6. Dy8©Z^Sfl 
£0D®«£W'r-5>J:'5Jgfi£l>;fc©«. Jt&ffTF©©* 
Kfigt2>^-f/-FDy7. Dy9©~WI©j5 

[0044] E31tC^Sn-5«t5(C > ^/-FDyl 
~Dy 1 OtClXOSSnSfiSK:. 3fct8®2 AKWtt 
j©&E 6 #88**6*1*. »5fc«6tt. «£Si5&©^-< 
/-FDy7~Dy 1 Oil lfiiC^z-FDy 1 
©PSJCftgLT. &m85£m<D#J /-FDy7~Dy 

1 0tc§^®5lt5g«:4D53«»-ft>«lI2 
Att|Sj*> ; 5©£Rr±UTt,>£. jftftKBR. *fi£f&y 

-Ff>2BCC«i^Sn.5CitC«fci3. ^©mfet 3 

[0045] *&w(Dmfc<mi&ic£ s^m^f-it^ 1 

©Uj^K-oti-CH 1 *#Ml/Tl»HJJ-f 3fc"^®2 A&C 

^A^-r-si. ^t^isuisti, 7*-*xn3 
■cjts^sn-cmiaa©^ -tv- FDy lccinens. 

f& £ » SI SS© / - F D y 1 ifih -'Xn^m 

ttisn. cft#s2as7!>ssi oas©#v/-FD 

y2-Dy l o^iJWKSifcfvr:** ir^c«^*sttiH 
jnt*^^- F*ffS<*ft£. rz-FAfciR 
isn-c, r/-FA*>6ffi;trtt^£t,-ciRr>Hi;*ft 
5. 

[0046] *^BJ(cJ;S^^*Sf§««±ai/?C*liS 
©^Sitcpg^Sft-r. qf§¥W*©©H«:iEiSLfc®ffl-C 
^^©^^Sfca^BJtB-rfe-S. 09* «. ±&©*S£© 

^iitc*5ur«S3ea©y^/-FRc;S5©@©^ 

^/-F©— ;K^®£$r®R51i£K:i,Tl,»5#. S2 
8S« I4gg, S6SS^MS9aa©^^/-Fi 
WaR?ffi : K©ft®Si5<!:-€-n«:M— tca&S^FBSB 
Oft^KL, S2SB. S4©g. S6©@7!>SS 

[0 04 7] 

sssas^SBga©^^ F©-^m-^siJSs 
2©a©^-f y- For^s^ffii d *>H8i*vhs«r». 
c©fc». T^-F* < g#{c^u-r^S2ga©y-f v 

-Ft -5 C <b *5-C t . ftil^itHS'gfclr 

ffc^isjtc/j^b-rs c i*s-c^ S. 
[0048] Uj!p*>. S ( n - 1 ) SBR^S ( n - 
2) g;S©y-Y/-F{*02g@©^^>'- FiBSH— 
^•T*5;fe«>K: > m (n- 1 ) SSRCXS (n-2) 

as©^-< Foia^tcfct^rs^s^ififitcitjn 
tsciw. c©fc». ^ran^©^s ; £/h3<-r 
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■C#-5o T>— F*M -sTl^-S/c 

[0049] fS^SEfeStD^m-T-iffigeKinif. fH 

[005 0] a*S3fetg©3tm^it^K:«fcn(f, in 

(n-3) ©S©^^^-F*SBE^2Sa©^>f^-F 

iBsn-^y^cfe-soDr, m (n-3) fg;@©2V^- 
[0051] m^mAtma>%m.^-mmmi<c^in\t, m 

(n-4) gg©#-^-F#gdfl2&@CD#^y-F 
tBSl5l-»K-C*5©t?. ^ (n-4) fSS©^.'- 

[0052] m^msiBMiO^tm^mws^JziMt. m 

3gaS^5Ka©f W F©^K^M*»f®R 

»$££-r©-c. ttfis©^-f^- f*>6©s^-%sw-¥> 
y - F cc*f u r ^jEidii* i s . 
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* [0053] l»*3!6IE&©#m^ifglrtcJ:n,tf v 0 
3ggS^5Sg©f-f YVOIfmzWmto9<( S 
- FiBS+UHflMKr. ^2SB©f -f->- F*«fcM/ 
icmRx*>z<o-e. «^s5i2iS©^^*i^iBSra 

[00©©#&i&9n 

[an ^zm&mMommuijizitm+mfem 1 £^ 

[H 2 ] *f69J©JSt6©»SSK: «fc SftS* 1 ©IS 
10 2gg> J&4Jgg. lil67?iSIS9I?g©^-C^-FDy 
2, Dy4, Dy6~Dy9^tS'Cfe l 3. (a) « 
JEMS, (b) «:T®0> (c)ttfflWa. (d)«£J 

3SBSC?^5ag©^-<-/- FDy3. Dy5^t 
0-C$>fK (a)«IEM0. (b)i:TFW0. (c)« 

Mffis, (d) «t*ttH-c*&. 

[04] ^^O^C^SgtCtS^m^lffgeiOT 
FA£7jrriEB0. 
20 [H5] f-f-'-FDy 1— Dy lORCfT^-FA* 
Sffi4 K«#£-tffc*f^£^-riE®0. 
[06] ^^-FDyl~Dyl0MT/-KA4 
8«5 KJ? A-T £W?*5*T*raiia. 

1 

X Ctt 
2 

2 A *lffi 
Dyl~Dyl0 
*30 A T S— F 



[04] 



[06] 
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